Since the earliest study on the octopus retina in this laboratory (Tasaki et al. 1963 ), many attempts were made to record spike discharges from the optic nerve of the isolated visual system. However, the optic nerve response to photic stimulation of the retina was found to survive only very briefly after the retina and the attached optic nerve were isolated from the octopus, although the isolated retina itself could respond with normal ERG's for several days. Thus there may be at least two explanations for the failure of long-time recording of the optic nerve response. The one is a rapid deterioration of the optic nerve itself. Another possibility is that the optic nerve would survive longer, but a certain portion in the optic nerve, such as the trigger zone, may be extremely susceptible to asphyxia. The experiments to be described here were undertaken to distinguish between these two alternatives.
METHODS
The animals used were adult octopuses (Octopus vulgaris).
They were decapitated, and the eye and the attached optic nerve together with the optic lobe were removed. This isolated visual system was then stored in sea-water until it was used. To stimulate the nerve electrically and also to record the nerve action potential, the retina-nerve preparation was placed on a plastic plate which contained an array of parallel silver wires with a constant spacing of 2 mm, so that the nerve and silver wires would cross per pendicularly. These silver wires served as stimulating and recording electrodes. The room temperature was 5 to 7°C, and for the study on the effect of temperature the prepara tion together with the plastic mount was warmed up to a desired temperature by a radiant heat. Throughout the experiment the temperature of the preparation was monitored by a thermister thermometer which was directly attached to the nerve. Signals were led to a high gain A.C. amplifier and the output was displayed on a cathode ray oscilloscope for photography.
Photic stimulation was provided by a Sylvania glow modulator tube (111131 C) which was activated by an electronic pulse generator.
RESULTS
Optic nerve response to photic stimulation of the retina.
Despite the repeated and enduring attempts in the present study, most of the retina-nerve preparations have never yielded an impulse discharge from the optic nerve, and only in a very few cases it was possible to record the nerve response to photic stimulation. Fig. 1 shows an example of light elicited asynchronous discharges recorded from a teased bundle of the optic nerve. In this particular case, the preparation was made very quickly from an actively behaving animal. The record shown in Fig. 1 was taken about 3 min after decapitation. To record the nerve response, a few mm of the optic nerve bundle of the eye-nerve prepara tion was stretched across the air gap between two leucite plates of a bridge insulator and the potential changes were recorded differentially by a pair of non-polarizable electrodes of Zn-ZnSO4. Closer scrutiny of this record revealed that an illumina tion caused vigorous discharges at the onset of a flash of light (superimposed upon the ERG) and following a brief period of silence a sustained discharge lasted as long as the stimulus continued. The discharge pattern just described is basically the same as that of the live squid (MaacNichol and Love 1960; Ito et al. 1973 ) and the octopus ). Spontaneous and "off" discharges have never been observed in this study on the isolated preparation. Furthermore, the spike discharges became less and less active with time and finally diminished within a few minutes, leaving only an electrotonic spread of the ERG. Although it might be considered that the rapid disappearance of spikes was due to a mechanical damage applied to the axons when the nerve bundle was teased by watch maker's tweezers, attempts to record from the remaining intact bundles of the same prepa ration were always unsuccessful.
This clearly indicates that the mechanical damage is not essential for the loss of spike discharge but some other cause must be sought.
From an unteased and consequently much thicker bundle, recording of nerve response was usually less difficult.
The light elicited synchronous volley which was recorded from the optic nerve bundle is illustrated in the bottom of Fig. 2 . The ERG recorded across the eye ball is also shown for comparison (Fig. 2, top) . The light elicited nerve action potential could be easily distinguished from an electrotonic spread of the ERG, since the response appeared only at the onset of the stimulus and its latency varied according to the conduction distance.
It is to be noted that, in the intact and thick bundle, the shape of the nerve response elicited by a natural stimulus is almost identical with that obtained by an electric stimulus (see Fig. 3 ). Action potential elicited by electrical stimulation of the optic nerve.
In the cephalopod the axons of the visual cells do not converge to form a single nerve trunk but are collected into many bundles, each of which contains numerous numbers of optic nerve fibers (Young 1962) . In this experiment, a full length of the optic nerve bundle was isolated from the eye ball and some properties of the action potential were studied. Fig. 3 shows some sample records of the compound action potential obtained from three different bundles, each of them having different conduction velocities. Most of the bundles showed a single eleva tion in the compound response, but in some instances two peaks were seen, indicating the existence of two groups of fibers in one bundle. That the conduction speed differs from one bundle to another is further demonstrated in the histogram form in Fig. 4 . From this, the conduction speed was found to range between 10 and 70cm/sec at 15°C, which are reasonable values for small unmyelinated fibers between 0.1 and about 1.5 ,u in diameter (Figs. 5 and 6 ). It was also found that the conduction velocity increased with the temperature (Fig. 7) .
The histogram shown in Fig. 5 was constructed from an electron micrograph of a cross-section of the optic nerve bundle, a part of which is shown in Fig. 6 . But this may not represent the true feature of the fiber caliber spectrum, since in the cephalopod the optic nerve fibers carry pronounced swellings or headings along their length (Dilly et al. 1963 ). Thus Fig. 5 provides only a rough informa tion as to the distribution of fiber diameter, and it is not possible to calculate the speed/diameter ratio from Figs. 5 and 6. Next the excitability cycle of the compound action potential was studied by stimulating the nerve bundle with twin electric pulses . When the time interval between the two stimulus pulses was sufficiently short (absolutely refractory period), the second pulse failed to elicit the action potential. With increasing the pulse-interval the response to the second stimulus gradually recovered and the response amplitude returned to the normal size (Fig . 8) . The time course of the recovery also depends on the temperature and the half-recovery time is inversely related to the temperature (Fig. 9) .
DISCUSSION
During the course of this and previous studies on the octopus visual system , it was found that, so far as the preparation is maintained in a cool and moist environment, the retina survives for an exceedingly long period , responding with a normal ERG even several days after the retina is isolated . The present study has also revealed that the optic nerve itself is able to respond to electric stimuli and propagation of action potential can be observed long enough for routine electrophysiological measurements. Furthermore, light initiated nerve impulses were obtained from the optic nerve of the isolated visual system . All of the results of the present study clearly indicate that an impulse conduction does really take place in the optic nerve of the octopus, although it was once speculated that a large potential change is generated in the visual cells by photic stimulation and is transmitted electrotonically by their axons to excite the second order neurons in the optic lobe (see MacNichol and Love 1960) . This is in agreement with MacNichol and Love (1960) who first demonstrated an all-or-none impulse conduc tion in the optic nerve of the live squid.
It should be noted, however, that in spite of the long survival of the visual cell and the optic nerve photically initiated action potential in the optic nerve could be recorded only very briefly after the eye-nerve preparation was made. The fact that both the visual cells and the optic nerve maintain their activities long enough but light initiated nerve impulse could not be recorded suggests that between the visual cell and the optic nerve there must be some portion which is extremely susceptible to asphyxia; such locus could well be the spike generating cite (trigger zone). It follows that even in the isolated preparation the survival time of the trigger zone might be lengthened if oxygen is supplied sufficiently by an appropriate means. In later experiment it was indeed found that all kinds of impulse activities of the octopus optic nerve can be restored in the isolated visual system which was strongly perfused with oxygenated sea-water (see also Tsukahara et al. 1973 ).
